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Abstract
The effect of heat distribution or inter-heating on the total energy requirement for CO2 stripping is investigated. Here 
we look at retrofit design of an existing column. It means the height and diameter of the stripper is given. The results 
show that inter-heating can have both negative and positive effects on the total energy requirement. If only one heat 
source at constant temperature exist, the inter-heating will increase the total energy requirement. If there are other 
heat sources at different temperatures, inter-heating can be beneficial. It depends on the energy price of the different 
heat sources and the temperature profile of the column. If there are some hot streams available to utilize the heat in 
the inter-heater, the total energy requirement will decrease. As a case study utilizing heat from lean amine in the 
inter-heater is investigated. The simulation results show a saving up to 6.4 and 11.3 percent by one and two inter-
heater respectively. 
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1. Introduction
One of the main global challenges in the years to come is reducing the CO2 emissions. CO2 capture and 
storage (CCS) is necessary in addition to other methods for CO2 stabilization such as energy efficiency 
improvement and use of more renewable energy to achieve the planed emission reduction in 2050 in a 
cost effective way [1]. Among the CO2 capturing technologies, post-combustion CO2 capture using 
aqueous amine absorption is one of the most promising. However, the main challenge of this technology 
is the high energy requirement. In the literature there are many references that discuss the benefit of 
distributing heat along distillation and stripper columns to reduce energy consumption for separation  
[2-5]. Agrawal and Herron investigated the impact of an intermediate reboiler or condenser on the 
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distillation of ideal binary mixtures into pure product streams. They calculated the maximum 
thermodynamic efficiency for different feed vapor fractions (q), volatilities (Į) and feed compositions. 
The results show that for different situations, an intermediate condenser or boiler can be more effective 
[2]. Koeijer and Kjelstrup have increased the second law efficiency for an ideal binary distillation by 
adding heat exchangers to all trays. They optimized the heat exchanger duty to have the highest second 
law efficiency. The number of trays and the product purities were constant [3]. In the mentioned paper the 
results show that energy requirement is increased in spite of increasing the second law efficiency. Shu et 
al. improved a diabatic model and took into account the e ects of the allocation of a heat exchanger 
inventory on the diabatic distillation performance. They mentioned some advantages of their 
modifications such as compact construction, single heat-source, and single heat-sink [5]. 
In these studies the irreversibility were reduced to increase the thermodynamic efficiency or decrease 
entropy production. Usually when the irreversibility is decreased the driving forces decrease. 
Consequently more trays or height of packing are needed for a given separation. With the fixed column 
size more energy is required. Here we just consider the total energy requirement and not the entropy 
production. 
2. Model description and validation 
In this study the Unisim Design software from Honeywell is used for simulation purposes. Unisim has 
a special property package called amine property package that can model the CO2 capture plant. This 
software uses a non-equilibrium stage model and calculates a modified Murphree-type vapor efficiency. 
The efficiency is a function of the kinetic rate constants, the physico-chemical properties, pressure, 
temperature and the geometry of the column. The Kent-Eisenberg and Li-Mather models are used for 
thermodynamic equations [6].  
The validation of the stripper model was done by using data from the University of Texas at Austin 
pilot plant [7]. The pilot plant stripper diameter is 0.427 m and the total height of packing is 6.1 m. 48 
different sets of data are available in this reference. We selected three different sets of data (case 7, 39 and 
43 in Ref. [7]) that are close to our conditions, rich loading = 0.49, lean loading = 0.25 and pressure = 1.8 
bar. The simulation and experimental data comparisons are shown in Figure 1.  
 
 
Fig. 1. Simulation validation for temperature profile, a) case 7, b) case 39, c) case 43 
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The input of the simulation is the rich amine flow properties, the geometry of the column and the 
loading of lean amine. The output of the simulation is the temperature profile and reboiler duty. In Unisim 
Design we can use two different thermodynamic model; Kent-Eisenberg and Li-Mather. The simulation 
results for both models are compared to the experimental data. The difference between experimental and 
simulated values for reboiler duty and temperature are defined as follows: 
       (1) 
       (2) 
Table 1. Reboiler duty and temperature profile devotion from the experimental data 
 Reboiler deviation (%) Temperature profile deviation (C) 
 Case 7 Case 39 Case 43 Case 7 Case 39 Case 43 
Kent-Eisenberg 13.33 10.99 3.86 1.60 1.55 1.60 
Li-Mather 14.83 14.02 4.28 1.2 4.31 4.25 
 
The results show a good agreement between experiment and simulation. The Kent-Eisenberg model 
results are in smaller deviations from pilot data and it is selected for further simulation 
3. Inter-heating effect 
The inter-heating effect on the total energy requirement is investigated. The amount of heat needed for 
separation of 1 kg of CO2 is the comparison basis and we do not consider the heat quality value. The 
following two case studies show the negative and positive effects of inter-heating on energy requirement. 
3.1. Negative effect of inter-heating 
A standalone stripper is simulated to investigate the inter-heating effect on CO2 capture reboiler heat 
requirement. The rich amine loading from the bottom of the absorber is 0.49 mol CO2/mol amine and the 
lean amine loading going to the absorber is 0.25 mol CO2/mol amine. Two configurations of the column 
are simulated with the use of Unisim Design as shown in Figure 2.  
 
 
Fig. 2. Stripper configurations, a) Simple stripper, b) Distributed heat stripper 
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The first one is considered as base case where a single reboiler is located at the bottom. In the second 
configuration, the stripper is equipped with a reboiler at the bottom and two more heat sources in the 
upper half of the stripper. 
In the latter configuration, the inter-heater duties are the same and each equals about 20% of the base 
case reboiler duty. The reboiler duty is adjusted to have the same lean loading in both configurations and 
then the total heat requirement is compared. The heat requirement of a simple stripper is always less than 
the inter-heated configuration. When the number of segments (packing height) is increased, the difference 
between the heat requirements will decrease as shown in Figure 3. 
 
 
Fig. 3. Inter-heating effect on energy requirement for CO2 stripper 
The explanation of this negative effect of heat distribution is that when heat is distributed along the 
column, some of the liquid that goes down evaporates and returns to the top. Therefore, less liquid passes 
the trays or packing below the distributed heat. This means that mass transfer will be reduced because all 
trays or packing height are not used for the liquid and vapor mass transfer. Because the size of the column 
is constant, more energy is required for the same separation. From this case study, it is identified that heat 
distribution increases the heat requirement of CO2 stripping unless the stripper is overdesign. 
3.2. Positive effect of inter-heating 
For some conditions inter-heating or heat distribution can save energy or reduce the energy cost of 
capture plant. The first situation, when different heat sources with different temperatures are available, 
inter-heating can reduce the energy cost, because heating at low temperature is cheaper. This situation is 
not always true and a tradeoff needs to be done. In this case more energy is needed for separation as 
explained before, but a portion of the heat is supplied at lower temperature and this is cheaper. To define 
the profitability of inter-heating, the following questions should be answered: 
x How much more energy is needed? 
x What is the temperature difference? 
x What is the difference in energy prices for different heat sources? 
The temperature profile of the column is one of the most important variables in this tradeoff. The 
temperature profile will change after inter-heating as shown in Figure 4. The heat sources must be 
selected based on the temperature profile after inter-heating. As shown in the example in Figure 4, the 
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temperature difference between the reboiler and the inter-heated point before and after inter-heating is 6 
and 1.5 oC respectively. 
 
 
Fig. 4. Inter-heating effect on temperature profile of the stripper 
The second situation where inter-heating can be useful is when we can utilize some energy from the 
system. There are some hot streams that need to be cooled down e.g. flue gas, compressed CO2, lean 
amine from the reboiler which can be integrated into the stripper. In this case the heat requirement 
(reboiler duty + inter-heater duty) increases for the same separation, but the portion of the energy utilized 
from the system is free. So the net heat required from the external source (steam in reboiler) decreases. 
Here the case of utilizing heat from the lean amine flow for inter-heating is explained. In the conventional 
configuration the lean amine heat is utilized in the cross heat exchanger. The temperature in the stripper is 
higher at the bottom and there is a possibility to integrate the hot lean amine from the reboiler to the top 
section of the stripper. This configuration was offered by Mitsubishi Heavy Industry (MHI) for the first 
time [8]. The simple stripper and the inter-heated stripper are shown in Figure 5. 
 
 
Fig. 5. Stripper configurations, a) Conventional configuration, b) Inter-heated stripper 
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The amount of energy taken from lean amine stream is required to be the same for both configurations. 
This means that the duty of the cross flow heat exchanger in the simple configuration is equal to the sum 
of the inter-heater and cross flow heat exchanger duties in the inter-heated configuration. We can predict 
that the inter-heated configuration can save energy in spite of equal utilized heat for the following 
reasons: 
x In the simple stripper all the heat from the lean amine is transferred to the rich amine that enters the top 
of the column. In the inter-heated case, part of this heat is used in the column. As explained before, the 
heat in the bottom part of the column is more valuable for separation 
x The ideal temperature profile for CO2 stripping is to have a high temperature through most of the 
stripper column to increase the stripping, but to have a low temperature at the top section to increase 
the CO2/water partial pressure ratio at the top and thereby reduce the condenser duty. By inter-heating 
the stripper temperature profile is closer to the ideal temperature profile for stripping. Figure 6 shows 
the temperature profiles in simple and inter-heated stripper cases. 
 
 
Fig. 6. Temperature profiles in a simple and inter-heated stripper 
The simulation results confirm the predicted energy saving by using a lean amine inter-heated stripper. 
The best position for inter-heating should be defined for more effective inter-heating. Utilizing energy at 
the bottom is better, but the amount of energy available decreases and therefore there is an optimum 
position which has the minimum energy requirement. The optimum position is found by changing the 
inter-heater location and comparing the energy requirements. The temperature approach in the inter-
heater for this exercise is kept constant. The packed column simulations were run with 20 segments and 
increasing the segment number means lower position in the stripper. The results are shown in Table 2 for 
the use of one inter-heater. In this case the best place for the inter-heater is about 1/3rd of the total packed 
height from the top of the column. As it is shown in Table 2, the reboiler and condenser duty have their 
minimum values in the optimum position, but the inter-heater duty decreases when the inter-heater moves 
toward the bottom. It should also be noted that the differences between the various positions are quite 
small. With the same procedure we can find the best place if two inter-heaters are used. In this situation 
the best location for the first inter-heater is at the middle of the column and for the second inter-heater 
about 1/4th of the height of packing from the top. 
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Table 2. Heat requirement for stripping for different inter-heater positions 
Segment Reb Duty* Cond Duty* IH Duty* 
Base 3429 1490  
5 3254 1312 502 
6 3247 1294 474 
7 3234 1291 418 
8 3239 1295 388 
9 3246 1302 353 
10 3259 1314 317 
          * Duty Unit: kJ / kg CO2 
 
The conditions after the inter-heating is introduced changes and in reality the optimum lean loading 
will change. Table 3 shows the savings with constant lean loading.  
Table 3. Energy savings by using one and two inter-heaters with constant lean loading 
  Reboiler Condenser Reboiler duty/Inter-heater duty×100  
1 inter-heater 5.7 % 13.3 % 46.7 % 
2 inter-heater 9.9 % 22.7 % 61.0 % 
 
If a re-optimization is done the optimum lean loading will increase a little and the savings will increase 
more compared to base case (Table 4). 
 
Table 4. Energy savings by using inter-heating with re-optimized lean loading 
  Reboiler Condenser Reboiler duty/Inter-heater duty×100 
1 inter-heater 6.4 % 15.8 % 45.2 % 
2 inter-heater 11.3 % 28.3 % 51.2 % 
 
The last row of the tables shows the ratio of reboiler energy saving per inter-heater duty. This value is 
always less than one, confirming the earlier argument that inter-heater duty is not as effective as reboiler 
duty. 
4. Conclusions
In this study, the positive and negative effects of inter-heating on the energy requirement of CO2 
capture, is investigated. We can conclude that if there is a single source of energy, inter-heating will 
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increase the heat requirement with a constant stripper size. Therefore if there is a single source of energy 
it is better to use all this energy at the bottom of the column, i.e. in the reboiler.  
If there are available sources of heat with different temperatures, inter-heating can be beneficial. It 
depends on the energy price of the different heat sources and the temperature profile in the column. The 
expected temperature profile after inter-heating should be considered for investigation. If there are some 
hot streams available to utilize the heat in the inter-heater, the total external energy requirement will 
decrease. As a case study, utilizing heat from the lean amine is investigated. The results show that by 
utilizing the lean amine heat in one or two inter-heaters the energy requirement for CO2 stripping can 
decrease compared to the simple stripper case even if the amount of heat taken from the lean amine flow 
is constant. 
There is an optimum position for the inter-heater because the inter-heater is more effective at the 
bottom of the column than at the top, but the amount of heat that can be extracted from the lean amine 
decreases toward the bottom. The optimum position depends on the column temperature profile and the 
hot stream temperature. For our case study the optimum position for one inter-heater is 1/3rd of the 
packing height from the top. For two inter-heaters the optimum positions are in the middle and 1/4th of the 
packing height from the top of the column.  
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